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Figure 1. Abundance of the different species of Quercus in the study area. Ecto- and
arbuscular colonization by species and sites. Details of some ectomycorrhizal morphotypes
and some arbuscular structures found in root samples.
Mycorrhizas are a mutualistic symbiosis between root plants and soil fungi.
They represent key ecological factors governing the cycles of major plant
nutrients and have a significant influence on plant health and productivity.
Quercus spp. have the ability to form symbiosis with ecto- and arbuscular
mycorrhizal fungi but the latter have been less explored. This study aims to
examine the variation of both mycorrhizal colonization in natural conditions.
Sampling was carried out in
spring 2012.
Eight 20m-long transects in
every site were randomly set
up to measure the abundance
of Quercus spp. (a total of
24 transects). For each
transect, one root sample was
collected per each Quercus
sp. present.
Ectomycorrhizal colonization
was quantified by gridline
intersect method. Roots were
placed in a Petri dish with a
grid of 1cm and observed
under stereomicroscope.
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The study area is located in Sierra
Morena mountain range in southern
Spain (Cordoba).
Three sites of mediterranean oak forest
were selelected where Quercus
coccifera, Quercus ilex and Quercus
faginea were present.
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CONCLUSIONS
Then, roots were clarified and
stained with trypan blue. They
were cut into 1cm pieces and
examined under microscope.
The extent of arbuscular
colonization was estimated by
Trouvelot method.
Soil parameters were
measured by transect. Soil
water storage was quantified
by gravimetric method
relativizing by auger surface
(5cm2). Organic carbon was
determined by Walkley and
Black method. Moreover, It
was measured pHwater (1:2.5),
N Kjeldahl, P Olsen, available
Ca, K and Mg extracted with
1M ammonium acetate
determined by atomic
absorption spectrophotometry
and the other elements
extracted with EDTA and
determined by ICP-OES.
PES (Partial Eta squared)
estimated the magnitude of
the effect attributable to each
soil parameter on site factor. It
is a number between 0 and 1,
with higher scores
representing larger effect size.
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SITES
SOIL PARAMETER PES Popea Linares Villaviciosa
Soil water storage (g cm2) 0.36* 9.8 b 15.7 a 9.2 b
pH water (1:2.5) 0.06 6.7 a 6.8  a 6.5 a
Organic C (%) 0.09 2.7 a 2.3  a 2.1 a
N (%) 0.14 0.19 a 0.16  a 0.13 a
Pavailable (mg Kg-1) 0.22 2.2 a 1.6  a 4.0 a
K available (mg Kg-1) 0.35* 207.3 a 145.8 ab 124.1 b
Ca available (mg Kg-1) 0.32* 3431.3 a 2311.3 ab 1963.8 b
Mg available (mg Kg-1) 0.56** 572.6 a 213.3  b 374.5 b
Cu available (mg Kg-1) 0.84** 38.4 a 6.7  b 1.5 b
As available (mg Kg-1) 0.74** 0.48 a 0.11  b 0.20 b
Cd available (mg Kg-1) 0.59** 0.31 a 0.08  b 0.04 b
V available (mg Kg-1) 0.56** 1.14 a 0.30  b 0.49 b
Sr available (mg Kg-1) 0.56** 4.4 a 2.9  b 6.0 a
Mn available (mg Kg-1) 0.38* 1121.1 a 824.6 ab 278.2 b
Zn available (mg Kg-1) 0.29* 12.4 a 6.7 ab 4.6 b
Table 1. Soil characterization of sites. Influence of each soil parameter
on site factor (PES). For each soil parameter, mean values per site (n-8)
with a common letter are not significantly different by Tukey test
(P<0.05).
Significant factors * P<0.05, ** P<0.001
Table 2. Significant correlations (P<0.05) between
soil parameters and arbuscular colonization in
Q. coccifera (n-24).
Quercus coccifera Arbuscular mycorrhizas
SOIL PARAMETER Pearson
coefficient P
Cu available (mg Kg-1) 0.75 0.000
As available (mg Kg-1) 0.69 0.000
K available (mg Kg-1) 0.56 0.005
Cd available (mg Kg-1) 0.55 0.006
Mg available (mg Kg-1) 0.46 0.025
Ca available (mg Kg-1) 0.43 0.037
V available (mg Kg-1) 0.42 0.044
Zn available (mg Kg-1) 0.41 0.046
Organic C (%) 0.41 0.048
Soil water storage (g cm2) -0.41 0.048
All correlations were positive except Soil water storage
 The three Quercus species showed high percentage (30-60%) of roots colonized by
ectomycorrhizas but there were no differences between species and sites.
 Roots of Quercus coccifera and Quercus faginea showed a high significant arbuscular
colonization (15-20 %) but only in one site. The soils of that site had higher levels of
Cu and As. Main mineral composition of this site was chalcopyrite (FeCuS2 ).
No correlation was found between soil parameters
and ectomycorrhizas
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 In Quercus coccifera, a strong correlation between arbuscular
colonization and these soil parameters was found.
 Results could suggest a role of arbuscular mycorrhizal fungi in
the tolerance of these plants to high concentration of trace
elements in the soil.
